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ComposWon eempifebig a pulmonaiy eutfeotant and a PDB5 InhlMtor 



Raid off aPDileaBon of the imfMiWfin 

The Invention relates to tiie combination of certain known active compounds for ttierapeutlc purposes* 
The compounds used In the combination atxordlng to this invention are Known pulmonary surfactants 
and known active compounds frwn the phosphodlesterese 6 (PdIeS) Inhibitor dass. Their combined 
use In the sense according to this invention for therapeutic purposes has not yet been described in 
prior art 



^rtorart 

In the iieatthy hing of humans both at rest and during excise there are atwa^ areas of good and 
poor or absolutely no ventilation existing stmultaneously side by side (venUation lnhomogenefly)« An 
as yet unknown medianism ensures that there Is little or no perfusion of the apPlarfes at^acent to 
ahfeoli vyith IftUe or no ventilation. This occurs In order to mInlmlzB Inefficient perfusion of areas of the 
lung whldi are not Involved In cps exchange. During bodily exercise, the distribution of v^ntllaUon 
changes (reoultment of new alveoli) and there Is Increased perfusion of the relevant capillary bed. 
Conversely, when there Is less venUlaHon due to physiological or pathological processes (alnuay ob- 
struction), the capillary flow are reduced through >n^oeonstrl(«on. This process Is rafarred to as "hy- 
poxic vasoconsMctiorf (Euler-UQestrand mechanism). 

When this adaptation mechanism of ventllaUon and perfljslon is impaired ("mismatch'), there may, 
despite adequate ventilafion and normal perfusion of the lungs, be a more or less pronounced col- 
lapse of the gas exchange Ibnctlon, which can be compensated only Inadequately despite a further 
Inonease in ventilation or perfusion. Under these conditions there are regions whibh ai^ not ventilated 
but are well perftjsed (shunfing) and those which ere well ventilated but not perfused (dead space 
ventllaUon). The consequences of this venUlation/p^slon mismatch are hypoxaemia (deterioration In 
gas exchange with decrease In the oxygen content of the patlenfs blood), wasted peilusion (uneco- - 
nomical perfusion of unventOated areas) and wasted ventilation (uneconomical ventilation of poorly 
perAjsed areas). 

In pafients with Inflammatoiy and d^nerative lung disorders such as, for example, chronic obstruc- 
tive pulmonaiy disease (COPD), bronchlils, bronchial asthma, pulmonaiy fibinses. emph^ema, inteiw 
stifial pulmonary disorders and pneumonias there Is observe to be partial or globd respiratoryfailure. 
A cause Is Inadequate adaptation of the Intrapulmonaiy perfusion conditions to the inhomogeneous 
pattern of the distribution of ventilation. 
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COPD patients suffer flnom pulmonary aKeraUons. changes of the airways and pulmonary vessels, 
and from ^Ara-pulmonary atteiHttons. Aimva^ are obstructed due to Inflammailon and mucus hyper- 
secretion wRh coexistent Impaired muois clearance. Alveolar walls are destnjcted muiting In emphy^ 
sema. The limited airflow and the loss of respiratory epithelium results In impaired oxygenation. Pul- 
monary blood circulation Is impaired due to vascular remodeling with smooth muscle cell prollferafion. 
elastin and collagen deposition in the thickened tntlma [Santos S et al. Eur RespSr J 2002 19: 632-8] 
Charact^teation of pulmonary vascular remodelling in smokers and patients with mild COPD.] and 
due to a ventilatlon/perfuslon mismatch. The mismatch derives from the effect of vasoactive (Inflam- 
matory} mediators prevailing over the physiological adaptation mechanism and in part from structural 
changes of the lung capillaries which develop during the disease progression. This effect is partloulariy 
evident during ^erdse and when the oxygen demand is Increased and it Is manifested t>y dyspnoea 
(hypoxia) and limitation of body performance. Up to now a curative therapy for COPD is not available. 
In use are anti-ohollnergic drugs (Ipratropium bromide, tlotroplumbromide and oxitropium bromide) and 
short* and long^cting P-adrenoreceptor^gonisfs (salmeterol, terbutaiin-sulphate) as well as Inhaled 
long-acting p-agonls(s. 

ARDS (Adult Respbatory Distress Syndrome) patients also suffer from a veirtilation/perfUslon mis- 
match resulting In collapse of the gas exchange fiincUon. ARDS Is a d^cHptlve expression which Is 
applied lo a large number of acute, diftos InfUirative pulmonary lesions of diff^ng etiology asso^ated 
with a severe gas exchange disorder (in partioilar arterial hypoxemia) [G.R. Bernard et al.; Report of 
the AmericarhEuropean consensus conference on ARDS: definitions, mechanisms, relevant outcomes 
and dlnlcal trial coordination; Intensive Care Medicine, 1994, 20025-232], The expression APDS is 
also used for IRDS (Infant Respiratory Distress Syndrome) because of numerous common cllnlral and 
pathological features. WhOe In the case of IRDS the lung surfactant deficiency is caused by premature 
birth, the lung surfactant maifunotion in the case of ARDS Is caused by the disease of the lung based 
on difFering etiologies, 

Triggering causes for an AU (Acute Lung injury) Including ARDS can. for example, be [cited in accor- 
dance with Harrison's Principles of Internal Medicine 10th Ed. 1983 McGraw-Hill Int Book Comp.] 
diffuse pulmonary Infsctions (e.g. due to viruses, t>acteria> fungi), aspiration of, for example, gastric 
juice or In the case of near-drowning, inhalation of toxins or irritants (e.g,. chlorine gas, nitrogen oxides, 
smoke), direct or Indirect trauma (e.g. multiple fractures or pulmonary contusion), aystemic reactions 
to Inflammations outside the lung (e.g. hemorrhagic pancreatitis, gram-negative septicemia), transfu- 
sions of high blood volumes or aRematively after cardiopulmonary bypass. 

Presently, the therapy of Af^DS mainly consists in the earliest possible application of different forma of 
ventilation (ag. raising of the oxygen concentration of the respiratory air) up to extracorporeal mem- 
brane oxygenation. The speotflQ use of various ventilation tsohniques has only led to a small lowering 
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of mortality and rnduciing the risk of damaging the lungs by venlilafion with pressure and high RO2 
(Fraction of Inspired Oxygen; proportion of cD^en In the respiratory air). In particular, ARDS patients 
whose lungs have been damaged by ventilation need even higher pressures and higher FlOz to obtain 
an adequate oxygenation of the blood. 

Sur^otant abnormalities of differing severity are &Iso reported fbra number of other disease condi* 
ttons, for example In obebticQve pulmonary disorders such as asthma, bronchiolitis, COPD and after 
iLing transplantation or aKematively after cardiopulmonary bypass [survey, see, for example, M. Qriese 
&ir. Respir. J. iggg; 13; 1455-1467]. As reviewed by Hohlf^d et a1. [Hohffeld 4 et al. Eur Respir J 
19g7. 10: 462-91]. The role of pulmonary surliaclant In obstnicUve ainways disease], smoldng plays a 
role not only in the pathogenesis of the alveolar destruction and afrway (nflammalion known for COPD 
patients, but also in altering surfactant composition and function. 

For many years, it has proven suitable to treat |RDS by Introducing pulmonary surfactant preparations 
Into the lungs of the children concerned. It is known from pDot studies that pulmonary surfactant prepa- 
rations are also dinksliy active In AU hduding ARDS. 

Comblnatfons of pulmor^ry surfaotant with other therapeutically effective compounds aria known from 
prior art WO g60a831 Indicates compositions for the treabnent of ARDS and IRDS which contain a 
glucocortlcosterold and lung surfacf^nL WO gB356B3 relates to a compositfon fbr the treatment of 
IRDS and ARDS comprising N-(3,5-dlohloropyrfd-4-yl)-3<yclopropylmethQKy4- 
dffluoromefhoxybenzamMe and lung surfSactant WO ggsegZB relates to a composition fbr the treat- 
ment of IRDS and ARDS comprising 4-(2.&<lichloroanlllno>-Mhiopheneaoetlo add or Z-CZ- 
hydroxy6moxy}eihyl 4-(2,6-dIchloroannino)-3-th1opheneacetate and lung surfactant WO 0301 1316 
relates to a combination of a selective COX-2 inhibitor and lung surfactant 

A whole series of PDE5 Inhibiting sutistances are known frqm the prior art and are described as potent 
and effective substances fbr the treatment of erectile dysllincfion and pulmonary hypertension. 

Summary of the InvanMon 

The Invention rdates to pharmaceutical compositions comprising a pulmonary surfactant in combine* 
don with a PDE5 inhibitor and methods for prevailing or reducing the onset of symptoms of a disease 
in which pulmonary surfactant malfunction and/or phosphodiesterase 5 (PDE5) ac6vtty is detrimental, 
and methods for treating or redudng the severity of a disease In wMdi pulmonary surfiactant maHuno* 
tion and/or phosphodiesterase 5 (PDE5) actMiy Is detrimental. 
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In particular tl relets to pharmaceuBcal oomposRions and methods for treaUng a disease medtated by 
pulmonary surfectant malfunction and/or phosphodiesterase 5 (PDE5) aoUvity liy administering a pul- 
monary suriacianl In oomblnaflon with a PDE5 Inhibitor. 

In this connection, It Is the object of the present Invention to make available a certain therapeutlPi 
which lulfills the fbllovAring conditions: 

Reducing pulmonary surfiaclant malfunction. 
RemaohOng ventHaUon/perfuslon mismatch. 
Ameliorating oxygenaHon, and 
Improving physical performance. 

It has now been found that the combined use of a pulmonary suriaciant and a PDES Inhibitor HitfUls at 
least one of the abovementioned conditions. Preferably* the oomblned use of a pulmonary surfiaclant 
and a PDES mwbftor fuffBIs at least two of the abovementioned conditions. It is particularly pretered 
that the ccm)blned use of a pulmonary surfiactant and a PDES Inhibitor fidfDIs at least three of the 
abovementioned conditions. 

Accordingly, the Invention r^tes In a first aspect to the combined use of a pulmonary surfactant and a 
PDES Inhibitor for preventing or redudng the onset of symptoms of a disease, or treating or reducing 
the severity of a disease in a patient In need thereof, in which disease pulmonary surfiactant malfunc- 
tion and/or phosphodiesterase 5 (PDES) activity Is d^mental. 

In another aspect of present invention, there Is provided the use of a combination of a pulmonary sur- 
factant and a PDES Inhibitor for the preparation of a medlrament for preventing or reducing the onset 
of symptoms of a disease, or treating or redudng the severity of a disease In a patient In need thereof. 
In which disease pulmonary surfactant malfunction and/or phosphodiesterase S (PPES) activity is det- 
rimental. 

In another aspect of present Invention, there is provided a method for preventing or redudng the onset 
of symptoms of a disease In which pulmonary surfactant malfunction and/or phosphodiesterase 5 
(PDES) activity Is detrimental, or treating or reducing ttie sevedty of a disease in which pulmonary 
surfactant malfvincBon and/or phosphodiesterase 5 (PDES) activity fe detrimental by administering to a 
pafient bi need thereof an effective amount of (1) a pulmonary surfactant and (2) a PDES inhibitor. 

in anoiha- aspect of present Invention, th»e is provided a method for preventing or reducing the onset 
of symptoms of a disease In which pulmonary surfactant malfuncBon and/or phosphodiesterase S 
(PDES) activity Is detrimental, or treating or reducing the severity of a disease in which pulmonary 
surfactant maHUncQon and/or phosphodiesterase S (PDES) acUvfty is deWmental by administering to a 
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patient In need thereof a flxecl combination of an effective amount of a pulmonary surfactant and a 
PDE5 inhibitor, and optionally a pharmaceufically acceptable carrier. 

In another aspect of present Invention, there is provided a method for preventing or reducing the onset 
of symptoms of a disease In which pulmonary s urfa ctant maifunctfon and/or phosphodiesterase 5 
(PDE5) activity is detrimental, or treating or reducing the severity of a disease In which pulmonary 
Burfaotant maffunctlon and/or phosphodiesterase 5 (PDE5) activrty is detrimental by administering to a 
patient in need thereof a free combination of an effiedive amount of a pulmonary aurfaetant and a 
PDE5 Inhibitor and optionally a phantiaceutlcally acceptable earrl^. 

In another aspect of this Invention, there Is provided a method for preventing or reducing the onset of 
symptoms of a disease fn which pulmonary surfactant malfunction and/or phosphodiesterase S 
(PDE5) activity Is detrimental* or treating or reducing the severity of a disease in which pulmonary 
surfactant malfunction and/or phosphodiesterase 5 (P0E5} activity is detrimental by administering to a 
patient In need thereof simultaneously an effiactive amount of (1) a.pulmonary surfactant and (2) a * 
PDE6 inhibitor. * 

In another aspect the inverttion relates to a method for preventing or reducing the onset of symptoms 
of a disease In which pulmonary surfactant malfunction and/or phosphodiesterase 5 (PPE5) aoth^ is 
debrlmental, or treating or reducing the severfiy of a disease In which pulmonary surfactant malfUnctfon 
and/or phosphodiesterase 5 (PDE5) aotlvRy Is detrimental by administering to a patient In need thereof 
In succession, close In time or remote In time. In any order whatevo-to a patient in need thereof en 
effective amount of (1) a pulmoi^ surfactant and (2) a PDE6 inhibitor. 

The Invention additionally relates to a method for preparing a pharmaceutical composition which is 
effective fbr preventing or reducing the onset of symptoms of a disease In which pulmoriary surfactant 
malfunction and/or phosphodiesterase 5 (PDES) activity is detrim^tal, or treating or reducing the se- 
verity of a disease In which pulmonary surlSactant malfunction and/or phosphodiesterase 5 (PDES) 
activity is detrimental, which mettiod comprises mixing an effective amount of a pulmonary surfactant 
and a PDE5 irtiilbitor wiUi a pharmaceuticaliy acceptable canler. 

In another aspect of present invention there Is provided a pharmaceutical composition comprising a 
pulmonary surfactant In a fixed combination with a PDES inhibitor and optionally a pharmaceuticaliy 
acc^itable carrier for preventing or redudhg the orteet of eymptome or treating or redudng the sever- 
ity of a disuse in which pulmonary surfactant maHUnction and/or phoephodlesterase 5 (PDES) activRy 
is detrimental. 

In another aspect of present Invention there Is provided a pharmaceutical composition comprising a 
pulmonary surfactant In a firee combination with a PDES Inhibitor for preventing or reducing ttie onset 



l^mpf.^it:16/DS/!?0Q3 13:19 



Fmof nr !f«l P 0-19 



le.JUM.zma isae altrkr PHRRm rg 



NR. 240 13/32 



1196EPORD01 2D0346 02 

-6- 

of symptoms or treating or reduofn^ the severity of a disease fn which pulmonary surfactant malfuno- 
tlon and/or phosphodiesterase 6 (PDE5) activity Is detrimental. 

DBtailed deacrfiiUon of the invBntten 

The combination therapy, which Is the subject matter of present invention, comprises administering a 
pulmonary suriactant with a PDE5 inhibitor to prevent the onset of a dlse^e In which pulmonary sur- 
factant malfunction and/or phosphodiesterase 5 (PDES) acHvfty Is detrimental. 

The invention thus relates to the combined use of a pulmonary surfactant and a PDES Inhibitor In pre- 
venting the symptoms of, or treating a disease in which piilmonary surfactant malfunction and/or 
phosphodiesterase 5 (PDES) activity is detrimental. 

The pulmonary surfactant useful In this invention may be any compound or pulmonary surfectant 
preparation that is Icnown to have the same surfece-acHve propeities as natural pulmonaiy surfactant; 
natural pulmonary surfactant reduces, lor example the surface tension In the alveolL 

A simple and rapid in vitro test with whidi the surtece activity of pulmonary suri^ctant can be deter- 
mined is, for example, tiie so-called Wilhelmy balance [Goerice, J. Biochim. Blophys. Acta. 344: 241- 
281 (1974). King R.J. and Clemwts JJK.. Am. X Physlool. 223: 715-726 (1972)]. This method gives 
Information on the pulmonary surfactant quaiity.-measured as the action of a pulmonary surfactant of 
achieving a surface tension of almost zero mNAn. Another measuring device for determining the sur» 
face activity of pulmonary surfactant is Uie pulsating bubble eurfactometer [Possmayer F. et al.. Prog. 
Resp. Res., Ed. v. WIchert. Vol. 1 B; 1 1 2-1 20 (1 984)]. The activity of a pulmonary surfiactant prepara- 
tion can also be determined by means of in vivo tests, for example as described by HSfher et aL [D. 
Hfifner et al.: Effects of rSP-C surfactant on oxygenation and histology in a rat lung lavage mode] of 
acute lung Injury, Am. J. Resplr. Crit Care Med. 1998. 1S8: 270-278]. 

A group of Known pulmonary surfactant preparations and their modifications that may be usefUlly as 
pulmonary surfactant employed in the present invention include pulmonary surfactant preparations 
having ttie function of natural pulmonary surfactant Preferred pulmonary auriiactant preparations are 
those which, for example, have activity in the tests described abova Particulariy preferred pulmonary 
surfactant preparations are those which exhibit Increased activl^ in such a test In comparison with 
natural, in particular human, pulmonary surfactant In this context these can be compositions which 
only contain phospholipids, but also compositions which, apart from the phospholipids, inter alia addi- 
tionally contain pulmonary surfactant protein. 
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Preferred phosphonplds according to the invention are dipalmftciylphosphatidylchofine (DPPC). pahnK 
toyloleylphosphattdylglycarel (POPG) and/or phosphatMylglycerol (PQ). Particularly preferably, ths 
phospholipids are mWures oFvaffous phospholipids. In particular mbdures of dipalmRoyf. 
phosphaUdyloholine (DPPC) and paimHoylaleylphosphatidylglyoerol (POPG), preibrably In the ratio 
from 7 to 3 to 3 to 7. 

Commercfal produds which may be mentioned as pulmonary surfactant preparations are 

- CUROSURF® (INN: PORACTANT AU=A) (Serono, Phanna GmbH. UntetschlellShefm). a 
natural surfactant from homogenized porcine lungs; 

■ SURVAI^A® (INN: BERACTANT) (Abbott GmbH. Wiesbaden), extract of bovine lungs; 

■ ALVEOFACT® (INN: BOVACTANT) (Boehifnger ingelheim). extract of bovine lungs; 

- EXOSURF® (INN: COLFOSCERIL PAl^iTAT^ (Glaxo SmithKilne}. a synthatie phospholipid 
containing excjplents; 

■ 5URFACTEN® (INN: SURFACTANT-TA) (MilsubisM Phamia Corporation), a pulmonaiy sw 
l^dant extnacted from bovine lungs; 

• INFASURF® (INN: CAU=ACTA|^ (RvestPharmaoeuticals), a surfedantepdreeted from calf 
lungs; 

■ ALEC® ONN: PUMACTANfT) (BrRannfo Pharmaceuticals), an artiiidal surfeetant oT DPPC and 
PG;and 

• BLES® (BLES Biochemical inc.). a bovine lipid extract surfactant 

Suitable pulmonaiy surmctant proteins are both the proteins obtained ftom natural sources, such as 
puimormiy lavage or extraction from amnlotle fluid, and the proteins prepared by geneHo engftieeif ng 
or chemical synthesis. AceonJbig to the invention, in particular the pulmon»y euiftielant preteihs des- 
ignated by SP-B (Surfactant IJ'roteln-B) and SP-C (Surfectant Preteln-C) and their modified derivatlvaa 
are of interest The amino add sequences of these pulmonary suifadant proteins, their isolation or 
preparation by geneUo engineering ere known (e.g. from WO 8603406. EP 0261449, WO 6904326, 
WO 8706943, WO 6803170, WO 9100871, 

EP 0388823 and EP 0348987). Modifled^ derivatives of the pulmonary surfactant proteins designated 
by SP-C, which diflierlhim human SP-C 1^ tha-replacement of a few amino adds, are described, for 
example, in WO 9118016 and WO 9532992. Partlculariy to be emphasized in this connecb'on are the 
recombinant SP-C (rSP-C) derivaBves which are disclosed in WO 9532992, in particular those which 
differ from human SP-C in positions 4 and 5 by the substitution of cystine by phenylalanine and in 
position 32 by the substitution of memionlne by isoleucine [designated herein gs rSP-C (FF/I) or 
LU8UPULTIDE (INN) or VENTICUTE®). Modified derivatives of pulmonary surfactant pretelns are 
also understood as meaning those proteins which have a oompl^ely orlginsUly deigned amino acid 
sequence wMi respect to their pulmonary aurfaetant preperfles. audi as are described m EP 0593094 
and WO 9222315. Preferably, the polypeptide KL4 (INN: SINAPULTIDE, SURFAXIN®) may be men- 
tioned in this connection. The name pulmonary surfactant protein, accordfrig to the Invention, also 
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comprises mbcturea of different pulmonary surfactant proteins. In EP 0100910, EP 011D498» EP 
0119056, 

EP 0145005 and BP 0286011 phospholipid composlUons vi^th and without pulmonary surfactant pro- 
teins are described which are likewise suitable as components of the preparations. 

As further constituents which can be present fn pulmonary surfactant preparations, fatty adds such as 
palmitic add may be men^oned. The pulmonary surfactant preparations can also contain tiectrolytes 
sudi as oaldum. magn^ium and/or sodium salts (for e)cample caldum chloride, sodium diloride 
and/or sodium hydrogencarbonate) in onler to establish an advantageous viscosity. Prefen^d pulmo- 
nary surfactent preparations according to the Invention contain 80 to 95% by weight of phospholipids, 
0.5 to 3,0% by weight of pulmonary surfactant pnateins, 3 to 1 5% by weight of fatty add, preferably 
palmltio add, and 0 to 3% by weight of calcium chloride. 

The pulmonary surfactant preparations are prepared by processes known per se and familiar to the 
person sidled In the art, for example as described In WO 9592992. According to the Invention, the 
pulmonary surfactant preparations are preferably lyopbillzed and In par^cular spray^rled pulmonary 
surfactant preparations. Lyophfllzed preparations are disclosed, for example, In WO 9735882, 
WO 9100871 and DE 3229179. vyo 9726863 describes a process fcr the preparation of powdered 
pulmonary surfadant preparations by spray drying. According to the invention, preparations prepared 
In this wsQf are preferred. 

The PDE5 inhibitors usefiil In this invention may be any compound that Is Icnown to Inhibit the PDE5 
en^mie or whidi is discovered to act as a PDE5 Inhlbtorp and which Is only or essentially only a PDES 
Inhibitor, not compounds which inhibit to a d^ree of exhibiting a therapeutic effect other members of 
the PDE femily as well as PDE5. 

A group of PDES Inhibitors that may be usefully employed in the present invention Indude a com- 
pound selected from 

• SY-39: 4-Methyl-5-(4-pyridlnyi)thIa20le-2-carbo)camld6, the preparation of these compounds 
and their pharmaceutically acceptable salts as well as their use as PDES inhibitors Is dis- 
closed in the patent application EP 01 99968; 

• DIPYRIDAMOLE 2,2\2",2'^-K4,8^iplperidInopyrimidoI5,4KJ]pyrimidIne-2.M 
tetraethanol, the preparation of these compounds and their pharmaceutlcalty acceptable salts 
as well as their use as PDES bihlbitors is dlsdos^ In the patent application DE1 1 1 6676; 

• SKF^6231 ; 2-(2-prop0xyphenyl)purin-6(1 HH>ne2'{2-propowyphenyI>-1 ,7-dlhydro-5l+purin-6' 
onsi the preparation of ttiese impounds and their pharmaceuflrally acceptable saits as well 
as their use as PDES inhibitors is dlsd(»ed in the patent application EP 0293063: 
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• ERr21355: He^qfo^3,44iiethylenecnoxyben2yJamlno)qu^ 

oarbQxyllc add, the preparation of these oompounde and their pharmaceuQcally acceptable 
salte as weD as ttieir use as PDE5 Inhibitors Is disposed in the patent application 
WO 9307124; 

• SCH-51 866: (+)<fe-5-methyl-2-^4.(!rtfluorom^yOben2yfl^A 
octahydrocyclopenlI4,5]lmfdazoI2.1-blpurin-4-one, the preparation of these compounda and 
their pharmaceutically acceptable salts as well as their use as PDE5 inhibitors is disclosed in 

' the patent application WO 9418351; 

• A-02131-1: MB-fluoro-1KphenylmethylHH-Fnda»l-^yll-2-ftiranH^ the preparaUon nf 
these compounds and their pharmaoeutieally acceptable salts as weli as their use as PPE5 
inhlbRors is disclosed In the patent application EP 0867345; 

- SCH-S9498: ds^-hexyI-5-methyl-3A5,ea,7,a,9,9a-octehydrocydopent[4,5Ilrnldazo^ 
b]purin-*4^rie» the preparation of these compounds and their pharmaceutically acceptable 
salts as well as their use as PDES Inhibitors is disclosed in the patent appitcatfon 
WO 9119717; 

• E-4010: 4K3<ihloro-4Hrnetho7^en2ylamlno)-1-(4-hydro9wlpertdln^^ 

carbonllrlle^ the preparafion of these compounds and th^ pharmaceutically acceptable saHs 
as well as their use as PDE5 Inhibitors Is disdosed In the patent applicaiian WO 9605176; 

• TADAl^lL:(6R.12aR)-2A8,7J2,12a*exahydro-2-methyl*(3,4HnBthy^ 
pyra2jnoI2",r:e.1]pyridoI3,44>lIndole-1,4-dlone, the preparation of these compounds and their 
pharmaceuticaliy aoceptabie salts as well as their use as PDE5 inhibitors is disdosed in the 
Intent applicaGon WO 9519978; 

• VAIWENAFIU 2*^-etha)^-«-(4-ethylplperazi^^ 
prapylimldazot5b1-4l[i;2,4]triazln-4<SH)-one, ttie preparation of these compounds and their 
pharmaoeutlcally acceptable salts as well as their use as PDE5 Inhibitors is disclosed in the 
patent application WO 9924433; 

•• UK-^36e4: 1-ethyl^[[3-I3^thyl-4,7-dihydro-7-oxo-2-(2-pyridinylmethyl)-2H-pyra^ 

dlpyrimldin-5-yl]-4^jropoxyphenyllsulfbnyll-pFpBra2Jne, ths preparation of these compounds 
and their phanmaceuticany acceptable salts as wen as their use as PDE5 inhibitors is dis- 
dosed In the .patent appficaUon WO 9849166; 

• T-0166: 2-<2-methylpyrldln-4-ylmethyl)-lKixo-8<2i5yrimldlnylmeth^^ 
trtmethoxyphenyl>-1»2-dihydro[2,7]naphthyridine>3-carbo)^lc acid methyl ester, the prepara- 
tion of these compounds and their pharmaceutically acceptable salts as well as their use as 
PDE5 inhibitors is disclosed in me patent application WO 0012503; 

• I3A-8169: 3-(l-TOethy^7-o)aK3-propy|^,7-<fll^ydro•1l^^)y^aa 
methylpyrrondin-2-^|)elhya-4-pn>pO)^enzene5ulfo the preparation of these com- 
pounds and their pharmaoeutloally acceptable salts as well as their use as PDE5 inhibitors is 
disdosed In the patent application WO 0027648; 
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• FR-181074: 1-(2-^lorDbari2yl)-3-|sobufyryl-2i)r^ tfia preparaBon of 
thrae compounds and their phannaceutically acceptable salts as well as their use as PDES 
inhlbRors Is dtedosed In the patent application WO 9632379; 

• FR-228807: N-<3p4-c|lniethoxybenzyl)-2-t2-hydroxy-1 (RVmethyIethylamino).S-nItrohenzamlde^ 
tha preparation of these compounds and their pharmaceutically accep^ble salts as well as 
their use as PDES Inhibitors is disclosed in the patent application WO 9954284; 

• SILDENAFIL; N5-[2-elhwcy-5-(4-methyl-1 -plperazlnylsulfonyl)phenylI-1 -methyl-3-ni3ropy|-1 
dihydro-7H-pyrazoIo[4,a-d]pyrtmidin-7-one. the preparation of these compounds and their 
pharmaceutically acceptable salts as well as their use as PDES Inhibitors is disclosed in the 
patent application EP 0463756; 

• KF-31327:3-ethyW'^I2H[4-(hydroxymethyl)plperW[n-1-yl]benzylam 
imidazo[4,5-g]quinazoline-2-thlone, the preparation of these compounds and their phannaceu* 
tlcally acceptable salts as well as their use as PDES InhibltoiB is disclosed in the patent appli- 
ca^onWO S8Q8B4B; 

• T-1032: 2K4-amlnophenyiH-<«o-7-<2i>yridlnyImeftojcyH-(3,4.54ri 
dlhydrol8oquinoIine-3-carboxyllo aold methyl ester* the preparation of these compounds and 
their pharmaceutically acceptable sails as wan as their use as PDES inhibitDrs is fflsdosed In 
the patent application WO 98381 68; 

• FR-229934: pentane-1-«uHbnlc acid [i.[3-(3,4^l*loro-benzyl)-2-meihyi-3H--benzoImIdazol-5- 
ylJ-methanoyD-amlde, the preparation of these compounds and their pharmaceutically accept- 
able salts as well as thdr use as PDES inhibitors is disclosed In the patent application 

WO 9900373; 

• BIMS-Ze3504: 1-[PK7,a4ihydino-8-o»>.1 H-imidazo[4,5-g]quinazDlin-&VIH- 
propaxyphenyl]$uIfbnylH-methylpiperazlne, the preparation of these compounds and their 
pharmac^cally acoepteble salts as well as tiieir use as PDES Inhibitors Is disclosed In the 
patent appltc^on WO 9964004: 

• WIN-65579: 1<yclopentyl-6-(3-ethoxjHH5yridlnyl)-3-BthyI-1 .7<!lhydro-4H-pyrazolop.4- 
d!]pyrimidin-4-one» the preparation of these compounds and their pharmaoeuUcally acceptatile 
salts as well as their use as PDES Inhibitors Is disclosed In the patent application US 5294812; 

• UK-37ia00: 3-ethyI-645-(4-ethy!plperazln-1-ylauifonyl^2H2-^ 
ethoxy]pyrldln-3-ylK-methyl-6 jMJihydro-2iH-pyrazoIo[4,3KJ]'pyri the preparation 
of these compounds and their pharmaceutically acceptable salts as well as their use as PDES 
Inhibitors Is disclosed In the patent application WO 9954333; 

• BF/GP-385: 2-<1H*lmlda2ol-1-yl)-6-methoxy^2-^ethao9ethylamlno)-^ the prepa- 
ration of these compounds and their ptenmaceutically acceptable salts as well as their use as 
PDES Inhibitors is disclosed in the patent application EP 0579496; 

• CP-^8: (1234<-ben2yl-2HP-fluoro-2-fnethyl^(3A54rimeth^ 

acetamlde, the preparation of these compounds and their phamiaceutically acceptable salts 
as well as their use as PDES inhibitors Is disclosed In the patent application WO 9747303; 
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• ZAPRINAST: 3,e<RhydnK5-(o-propoxyphenyl)-7H-€-trlazolo[4,S-d]^ th© propa- 

FaHon of these compounite and thebr pharmaceutically acceptable salts as well as their use as 
PDE6 Inhlbttore Is disclosed In the patent application DE 2162098; and 

m VESNARINONE: 3.4*dihydro-e{4-(3,4-dimethQxybenzoylH-Plpera2^ 

tlie preparatfon of ttiese compounds and their pharmacautically acceptable salts as wall as 
their use as PDE5 inhlbltars Is disclosed In the patent appHcation DE 3142982. 

Salts encompassed within the tenn "phanmaceutlcally acceptable salts'" refer to non-toxic salts of the 
compounds which are generally prepared by reacting a free base with a suitable organic or Inorganic 
acid or by reading the add with a suitable organic or inorganic base. Particular menfaori may be made 
or ^e pharmaceutically acceptable inorganic and organic acids customarily used In pharmacy. Those 
suitable are In particular water-soluble and water-Insoluble add addition sails with acids such as, for 
example, hydrochloric acid, hydrobromic acid, phosphoric acid, nitric acid, sulfuric acid, acetic acid, 
dtricacid, D-gluconIc acid, benzoic acid, 2-<4-hydroxybenzoyl)-benzoic acid, butyric acid, sulfosaUcyllc 
acid, maleic add. lauric acid, malic add, fumaric add, sucdrdc add, oxalio add, tartaric add, embonio . 
acid, stearfc add, toluenesulfonfc add. mettianesuifbnlc add Qr.1-hydroxy-2-naphtho|c add. the adds 
being employed in salt preparation - depending on whether it is a.mono- or polybasic add and depen- , 
ding on which ^ Is desfred - in an equlmoiar quantitative ratio or one diffsrtng therefrom. 

As examples of salts vrfth bases are mentioned the lithium, sodium, potassium, oqlc|qm> alumtnium* 
magnesium, titanium, ammonium, meglumine or guanidlnlum salts, here, too, the bases being enw c; 
ployed in salt preparation in an equfmolar quantitative ratio or one dKTerlng therefrom. 

It is understood that the acUve compounds and ttielr phaimaceutically acceptable satte mentioned can 
also be present, for example, in the form of their pharmaceutically acceptable sdvates. In particular in 
the form of their hydrates. 

One group of PDE5 Inhibitors that is particularly preferred In the present Invention [hereinafter referred 
to as ''SELECTED PDE5 INHIBITORsT consists of TADAI^IL (Clans®), SlU^ENAHL (Viagra®), 
VARDENAFIL (LevHra®), UK357S03, E8010 and TA-17go and the phannaceutlcally acceptable salts 
of these compounds. 

''Diseases In which pulmonary surfactant malfundion and/or phosphodiesterase 5 (PDE5) activity is 
detrtmentaP which, may be mentioned are In particular disorders of varying origin with a pulmonary 
surfeetant d^deney component and a mismacht component Diseases wtddi may be motioned as 
examples are chronic obstnictive pulmonary disease (COPD), brondiltis, bronchial asthma^ pulmonary 
fibroses, emphysema, Interstitial pulmonary disorders, pneumonia, AU (Acute Lung Injury), ARDS 
(Adult f^espfratory Distress Syndrome), IRDS (Infant Respiratory Distress Syndrome) and Astfuna bron- 
chiale. Preferred examples are COPD. AU, /^RDS, IRDS and Asttima bronchiala 
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T\)B phrase "pulmonary surfactant deficient componenT refers to the disease component dharacterized 
by a functional impairment or <he surface^ctive properties of natural pulmonary surfiactant to reduce, 
for example^ the auiface tension in tte aWeoU- In particular It refers to the disease component charac- 
terized Ijy the deamictlon of natural pulmonary surfactant and to the consequential loss of the surface- 
achVe properties of natural pulmonary surtectant 

The phrase "a mismatch componenf refers to the cBses^e component characterized 

1 , by a more or less pronounced collapse of the alveolar gas exchange function resulting In hy- 
poxaernia (deterioration In gas exchange with decrease in the oxygen content of the patient's 
blood), wasted perfusion (uneconomical perfusion of unventilated areas) and wasted ventila- 
tion (unecxmomicel ventilation of poorly perfused areas) andAor 

2. by more or less pronounced collapse in perfusion of skeletal muscles resulting in wasted per- 
fusion of unstressed muscle groups to the detriment of perfusion of stressed muscle groups. 

In accordance with present invention, the mlsmatdi component of a disease leads to a limitation In the 
patient's perfonnance due to a deficient oxygen supply to the musdes In combination wltii a "squarv 
deifng" of cardiorespiiatory reserves and thus results of a limitation on muscular performance. The 
clinical symptoms are a limitation on performance and merdse^ependent or permanent dyspnoea. 

In accordance to preserrt Invention, regulation of the "perfuslon/demand matching* In skeletal musdes 
takes place In analogy to the lung thnsugh local release of endogenous vasodilators (especially 
NO/cGMP). The demand-oriented perfusion is In favor of the stressed musde groups (muscular selec- 
tivity), and wftiiln the musde groups In flavor of the spedflcally stressed fibre types (intramuscular se- 
lectivity). The ^e of stress, duration of stress and level of strras thus determine under physiological 
condftfons the specific perfusion profiles in rach case. Various inflammaton^ disorders (e.g. COPD) 
may lead to a perfusion/demand mismalbh. The consequence Is wasted perfusion of unstressed mus- 
de groups to the detrin^ent of perfusion of stressed musde groups, with the result of a limitation on 
muscular perfonmanee. 

In accordance to present invention, the phrase "rematchlngT refers to a mechanism by which a mis- 
match is alleviated; vessels in the pulmonary drculation are dilated and, at Qie same time, the blood 
flow within the lung is redistributed In ffewror of the welKvenUlated areas. This mechanism leads to an 
. Improvement In ttie gas exchange function both at rest and during physioal exeroisa It can be stated 
that PDE6 Inhibitors are able to enhance. In the sense of physiological adaptation of ventilation and 
peifusion, the necessary vasodilatations spedficaJly in ttie well-venHlated regions In that ttiey aaientu- 
ate the pbysidogiral Inhomogeneily ofcGIVlP distribution in Oie lung and tiius promote remaU*lng- 
Gas exchange Is intensified and the oxygen supply Is Improved by tills mechanism. Rematching also 
refers to an alleviation of a •peffuslon/demand matching In skeletal musdes - the blood flow is redls^ 
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fributed fn favor of the stmssed muscle groups (muscular selecfivfty), and within the muscle groups in 
favor of the speciflcaliy stressed fibre types (intramusojlar selectivity). 

The phrase "combined use" (or *coniblna6onO embraces the administration of si pulmonary surfactant 
and a PDE5 Inhibitor as part of a specific treatment regimen Intended to provide a benefidal eflbct 
from the co^ction of these therapeutic agents. Admintetration of these therapeutic agents in combina- 
tion typically Is carried out over a defined time period (usually minutes, hours, days or weei^s depend- 
ing upon the combination selected). "Combined use" generally is not intended to encompass the ad- 
ministration of two of these therapeutic agents as part of separate monotherapy regimens that Inciden- 
tally and arbitrarily result in the combinations of the present invention. 

"Combined use" or ^'combination" within the meaning of the present invantion is to be understood as 
meaning that the individual components of the combination can be administered simultaneously (in the 
fonn of a combination medicament r fixed combination) or more or less simultaneously, respectively in 
succession (from separata padc units — free combination; dIrecOy in succession or else alternatively at 
a relatively large time Interval) in a manner which is Hnown p&r se and customary. As an example, one 
thmpeutic agent could be taken In the momlr^ and one later in the day. Or In another soenarlo. one 
therapeutic agent could be taken once daily and the other bAfce weekly, tt Is understood, that ff Indi- 
vidual components are administered dlrectiy In succession, tiie delay in administering the second 
oomponmt should not be such as to lose the beneficial therapeutic efieot of the oombination. 

It is to be understood that present Invention cov^ all combinations of particular and preferred as- 
pects of the Invention described herein. Thus, present Invention dearty refers to all compounds or 
preparations mentioned herein as examples of a pulmonary surfactant and to all compounds men- 
tioned herein as a PDE5 Inhibitor and to all possible cons^uenttel combinations. In particular, combi- 
nations which may tie mentioned as preferr^ examplea of a combination of a pulmonary surfactant 
and a PDE5 Inhibitor are 

• a combination of SILDENAFIL and LUSUPULTIDE, 
« a combination of TADALAFIL and LUSUPULTIDE, 

• a combination of VARDENAFIL and LUSUPULTIDE. 

• a combination of SILDENAFIL and SINAPULTIPE, 

• a combination of TADALAFIL and SINAPULTIDE, 

• a combination ofVARDENAFIL and SINAPULTIDE. 

• a combination of SILDENAFIL and PORACTANT/MJ^A, 

• a combination of TADALAFIL and PORACTANT ALFA. 

• a combination ofVARDENAFIL and PORACTANT ALFA. 

• a combination of SILDENAHL and BERACTANT. 

• ' a combination of tadalafIL and BERACTANT. 

t a combination ofVARDENAFIL and BERACTANT, 
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• a combination of SILDENAFIL and BOVACTANT, 

• a combination of TADALAFIL and BOVACTANT. 

• a combination ofVARDENARL and BOVACTANT, 

• a comWnaHon of SILDENAFIL and COLFOSCERIL PALMITATB 

• a comblnaQon of TADALAFIL and COLFOSCERIL PALMITATE, 

• a COmb!na«on of VARDEN ARL and COLFOSCERIL PALMITATE, 

• a combination of SILDENAFIL and SURFACTANT-TA. 

• a combination of TADALAFIL and SURFACTANT-TA. 

. a combination of VARDEN AFIL and SURFACTANT-TA. 

• a combination of SILDENARL and CALFACTANT, 

• a combination of TADALAFIL and CAU=ACTANT, and 
. a combination of VARDENAFIL and CALFACTANT. 

More or less simultaneous admlnislra«on of each therapeutic agent can be effected by. for example, 
Intratiacheally or tntrabronchlally administration to the subject In need thereof eitha- as an InstillaKon 
of the dissoh/ed, liquid therapeutic agents, or as an aerosollsed solution or as a dry powder having a 
fixed ratio oTraoh therapeutio agent 

Administrafion of each eierapeulic agent in succession. «ose In Cme or remote In time, can be ef- 
fected by any appropriate route. Including, but not limttBd to, intratracheal or Infrabronchlal Instniation. 
oral routes, intravenous routes, intramuscular routes, and direct absorpflon or through mucous mem- 
brane tissues. The therapeutic agents can be administered by the same route or by different routes. 
For eramplQ. a first therapeutic agent of the combination selected may be administered by Mratre- 
cheal w Intrabroncheal InstlllaUon while fte other therapeutic agent of the combination may be admin- 
istered orally. Intravenously. Intratracheaiiy, Intjabronchjeally, suWingually, IntrapBretoneally, or subcu- 
taneously. The sequence In which the therapeutic agents are administered Is not narnawly crttlcal. 

The most preferred route of admlnislration of a pulmonary surfactant Is the Intrabacheally or Jntiabron- 
chlally route by instiliation in liquid form or as aerosolised solution or as dry powder 

Dry powder fbrmulatlons of pulmonary surfactants are preferably prepared by the spray drying process 
as deseed In WO 8726B63. 

The most preferred route of administration of a PDE5 inhibitor is the oral route. In another preferred 
embodiment the PDE5 Inhibitor administered by Intravenous infUslon or IhlecHoa In a farther embodi- 
ment the PPE5 Inhibitor is administered by intramuscidar or subcutaneous InlecOon. Other routes of 
administration are edso contemplated. Including intranasal and transdermal routes, and by Inhalation. 
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In case of pharmBceutlcal compositions, which are intended for oral administration, the therapeutic 
aoent(5) are fomiulated to ghre medlaments acconling to processes known per se and ^miliar to the 
person skilled in the art The therapeulfc agents are employed as medicament, preferably In combina- 
tion With suitable phamiaceutica! canler. In the form of tablets, coated tablets, capsules, caplets, 
emulsions, suspensions, syrups or sotutlons, the therapeutic agent content advantageously being 
between 0.1 and 05% by weight and, by the appropriate choice of the canler, it being possible to 
achieve a phannaceutica! administration form precisely tailored to the therapeutic agent(s) and/or to 
the desired onset of action (e.g. a sustained-release fbnn or an enteric form). 

The person skilled in the art Is familiar on the basis of his/her expert knowledge which oan-iers or ex- 
clpients are suitable for the desired pharmaceutical formulations, in addition to solvents, gel-forming 
agents, tablet exciplents and other active compound carriers, it is possible to use, for example, anti- 
oxidants, dispersants, emulslflers, antifoams. flavor corrigents, presen^atlves, solubllizers, colorants or 
pemneaOon promoters and complexing agents (e.g. cyclodextrins). 

The therapeutic agent(s) of the present invention can be administered by a variety of methods known 
In the art, although for many therapeutic appDcations, the preferred route of admintstration Is a free 
combination of a pulmonary surfa^ant and a PDE5 inhibitor whereby the pulmonary surfactant is ad* 
ministered as a dry powder by Inhalation or by Intratracheal or Intrabronchlal instillation of a liquid and 
the PDE5 Inhibitor Is admlnlst^ed orally. For some (herapwtic application It may be pr^ . 
administer the pulmonary surfactant and the PPE9 inhibitor In a fixed combination, whereby the pre- 
ferred route of administration is Inhalatton of a dry powder formulation or intrabronchlal instillation of a 
lk]uld formulaHon. 

The therapeutic agent(s) are dosed in an order of magnitude oistomary for the Individual dose. It is 
more likely possible that the individual acb'ons of the therapeutic agents are mutually positively influ- 
enced and reinforced and thus the respective doses on the combined admlnlstraHon of the therapeutic 
agent(s) may be reduced compared with the norm. 

In case of Intratracheal!/ or intrabronchlal administration of a pulmonary surfactant preparation, it has 
proven advantageous to admlnisterstispenslons or solutions of the preparations according to the In- 
vention which contain 10 to 100 mg of phospholipids per ml of suspension. Preferably, the prepara- 
tions according to the inventton are administered per application (n such an amount that the amount of 
phospholipids Is between 10 and 400 mg per kilogram of body weight As a rule, admlnisfraHon is car- 
ried out 1 to 3 times daily over a period of 1 to 7 days. A process is preferred in which the pulmonary 
surfactant solution employed contains 0.5 to 2,0 mg of rSP-C (FF/I) per ml of solvent Particular men- 
tion may be made of a process in which the pulmonary surfactant solution employed contains 0.76 to 
1 .5 mg of rSP-C (FF/I) per ml of solvent 
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It has also proven advantageous to administer oommercmiy availal^la pulmonary suriiactant prepara- 
Hons In suitable dosages fn aocordance with dosage regimens dted In accordant summary of product 
characterisflcs. In case of Intratracheally administration of BLES® the daily dose of the phospholipids 
Will likely be in the range of 100-1 50 mg/kg body w^ght Preferably, the dally dose vrfll likely be 135 
mg phosphoHpids/kg body weight In <;ase of inti^atracheally administration of CALFACTANT the dally 
dose will likely be 3-8 mL/kg body weight of CALFACTANT which is about 1 05-21 0 mg phospholipids 
and 1 ,95-3,90 mg Surfactant Protein-B (SP-B) per kg body weight In case of Intratracheally admini- 
stration of SURFACTANT-TA the dafly dose wW likely be 80-120 mL SURFACTANT-TA per kg body 
waght. In case of intratracheally administration of POBACTANT ALFA the dglly dose wHI likely be 
100-200 mg/kg up to a dally maximum dose of 300-400 mg/kg which is about 70-280 mg phospholip- 
ids per kg body weight and 1-4 g hydrophobic proteins (Suifactant Proteln-B and Surfactant Protein-^) 
per kg body weight In the case of Intratracheally administration of BERACTANT the dafly dose will 
likely be 100-200 mg phospholipids per kg body weight and 4-8 mg hydrophobic proteins (Surfactant 
Proteln-B and Surfactant Proteln-C) per kg body weight In the case of intratracheally administration of 
COLPOSCERIL PALMITATE the daily dose wHI likely be 54-162 mg phospholipids per kg body weight 

In case of oral, Intravenous or suboJtaneous administration of a PDE5 Inhibitor, the dally dose vy^ll 
likely be In the range from 0.001 to 3 mg/kg body weight of the subject to be treated, preferably by 
once dally administration. According lo the Summary of Product Characterise for SILDENAFIL, as a 
monotherapy the PDE5 InhibRor SILDENAFIL Is generally administered orally to adults m a dally dose 
of 25 to 100 mg. According to the Summary of Product Qiaracterlstica for TADALAFIU as a mono- 
therapy the PDE5 Inhibitor TADALAFIL Is generally administered orally to adults In a dally dose of 10 
to 20 mg. According to the Summary of Product Characteristics for VARDENARL, as a monotherapy 
the PDE5 Inhibitor VARDENAFIL Is generally administered orairy to adults In a dally dose of 5 to 
20 mg* 



Fmo* 7oit:lfi/nB/90D3 13:17 



Enpf .nr.:831 P. 023 



i6.JUN.a0aa iz-.zi plthmr phrrmb rg 



1196EPORD01 200348 02 

-17- 

utmiy 



Combinations of present Invention may be prescribed to flie patient In "patient pack" containing the 
wtiQje qourse of treatment In a single package. Patient pac^s have an advantage over tredWonal pre- 
scriptions. Where a pharmacist divides a paHenfs supply of a pharmaceutical from a buIK supphr. In 
that the patient aTways has access 1o the package insert contained In the patient pack, noim^fy miss- 
ing in traditional prescriptions. The {ndusibn of a package Insert has been shown to improve paUent 
compliance with the physician's InstmcHons and, therefof^, lead generally to more successfbl treat- 
ment It wfli be understood that the administration of a comWnatfon of present Invention by means of a 
single patient pack, or patient packs of each component compound, and containing a package Insert 
InstrucUng the patient to the correct use of the Invention is a desirable additional feature of the inven- 
tion leading to an Increased compllsnce of the patiwt compared to the administration of each single 
ccwnpment 



Another beneficial effect of present Invention refers to use of combinations of present Inventtan. it has 
surprisingly bean found that a unexpected therapeutic benefit, particularly a synergisilc benent; in the 
prevention or reducOon of the onset of symptoms of e disease^ or in the treatment or reduction of the 
sewerlty of a disease In a patient In need thereof. In which disease pulmonary surfactant malflinctlon 
andtor phosphodiesterase S (PDE6) activity Is detrimental, can be obtained by using a composftion of 
a pulmonary suritactant and a P0E5 Inhibitor. For Instanoa it Is possible by using such a combination 
to superioriy ameliorate oxygenation in a patient with a disease In whteh pulmonaiy surtbctant mat> „ 
funcltan and/or phosphodiesteiase 5 (PDES) activity Is detrimental compared to the use of pulmonary 
surfactant or a PDES inhibitor alone. In particular It has been found that the combined use of a pulmo- 
nary surfactant and a PDE5 Inhibitor Induces a beneficial effect referred to the pulmonary suil^ctant 
defld^iqr component and/or the mismatch componentwhich Is signfficantly greater «ian that Induced by 
pmmonaiy suriiacfant alone or a PDES InhlbHor akme. Thereliwe, (1) the amount of the pulmonaiy surfee- 
tant may be sIgnHicantiy reduced when used In a oomUnatlon with a PDE6 Inhibitor, which Intw alia s^ 
niflcantly reduces costs of the therapy of a paHent in need thereof, as pulmonary suri^nls are compara- 
tively costly. (2) The frequency of ungratelulness related to the application of a pulmonary surtSctant fbr 
example, by instniab'on may also be reduced comparsd to the use of a pulmonary surfectant alone. 

As another beneficial effect of present combinations, ths combined use of a pulmonary surfectant and 
a R3E5 inhibitor s^nifioantiy improves paUents bodily perfomiance - compared to the use of a pulmo- 
nary suriiactant alone or a PDES Inhibitor alone - as the activity of the combination does not only Im- 
prove a)Q®enatIon as known for the single application of a pulmonary surfactant but also reduces the 
sevwiiy of a perfuslon/ventllatlon mismatch of lungs and/or a periusion/demand mismatch of skeletal 
muscles. Thus the combined use of a pulmonary surfectant and a PDES Inhibitor Improves (1 ) ventil^ 
tlon of the lungs. (2) specffic perfusion of hmgs at sites of adequalB ventilation and (3) ths demand- 
ortoitBd perftislon In favor of ths stressed muscle groups. 
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Rnany, ft as been taund that the use of a eomblnallon of a pulmonafy surtacfant and a PDE5 Inhibitor 
el9nlfli»ntly reduces the time patients virtlh ARDS or IRDS have to be venfllated. and thus. It is possl- 
ble by the admlnlsbatlon of a combination of a pulmonary surfactant and a PDE5 Inhibitor to avoW 
side effects of ventilation, for example the risK of a nosocomial Infection or pneumonia fbr the paUents 
can be lowered compared to the use of a pulmonary surf&ctant alone. 
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EKamples 

EnmplB 1: Fbncl comimiation of LusupuWde and Tadalafil fjor diy powder inhalafion 
a.8 g of l,2-dlparmltoy|.3.8r>i3hosphatldyJchoIlnei « g of 1-pafmltoyl-Z<3leoyi-3^ivphosphaflcjyiaiyc&. 
mammonium. 0.82 g of TADALARL, 0.7 g of paimitib add. 0.36 g of calcfum chloride and 0.2S g of r- 
SP-C (FF/I) are dissolved rn 820 ml of 2^repanoiA«ater (90;10) and spfay-^fried in a BQchI B 191 labo- 
ratory spray-diyer. Spray conditions: drying gas nitrogen, inlet temperature 110'C. outlet temperature 
59-8rc. A fine powder is obtained wi\ich can be mlcronlzed. About 55 mg^g body weight can be 
administered intratracheally as a diy powder with an appropriate dry powder inhaler device for a single 
appiieatfon. 



Example 2: Fixed combination of Lusupultlda and Sildenafil for intrabrondUal Instiliatlon 
9.8 g of 1.2-dipalniitDyI-3-sn-phosphatIdylchoilne, 4^ g of 1-palmitoy|-2-oleoyl-3^ni)hosphatWylg|yce. 
rolamniDnlum. 0.7 g of palmitic add. 0.36 g of calcium chloride and 0.28 g of r-SP-C (FF/I) are spray- 
dried as described in Example 1. 0.78 mg SILDENARL Is dissolved in 1 mL 0.01 N hydrochloric add 
and njrthar dOutsd with 279 mL 0.9% sodium dHorfda. The 1 5.34 g of the swfeotant composition are 
qddad to th^ solution and suspended. Fbr a single appHcaUon In humans 1 mVKg body weight of this 
suspension can ba instilled intiabronchlany guided by a biondiosc^a. • 

Example 3: Free combination of Beractant lior Mtiatracheal instillation and SUdenafn tor oral 
administration 

For a single application in humane cemmenNaliy available beractant (SURVANTA®) is administered 
IntretrecheaOy 100 mg^g as a suspension In 0.9% sodium chloride containing 25 mg phosphoHpide 
per mL (consisting of 1 1 .0 - 15.5 mg/mL disaturaled phosphatidychollne^ 0.5 - 1 .76 mgftnL triglyo* 
Brides. 1.4-3.5 mg/hiL free f&lty acids, and less than 1.0 mg/mL protein). This application is com- 
bined wtth on© or several timed oral administrations of 10 or 20 mg TADAIjivfil (commerdally avaB- 
abieasCIALIS®). 



Biampis 4! Free eombfnatfon off naiai-tant aiirtia far i nttattacheal InallliaMoii ai^d vatdanafn far 
oral adminiBiraHat^ 

For a single application m humans commercially available poractant alpha (CUROSURF®) Is adminis- 
tered IntratFacheally 100-200 mgfl^g. Composition per mL of suspension: phospholipid fraction from 
pordna lung 80 mgftnU equivalent to about 74 mgAnL of total phospholipids and 0.9 mg/mL of low 
molecular we^ht hydrophoblo proteins. This application Is combined wRh one or eeveial 8med oral 
administrations oflO or 20 mg VARDENAPIL (commerdally avaflable as LEVITRAS), 
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^dmlnistraMiMl 

For a single application In humans UsupuWde Is administered by inhalaUon as a dry powder in a das< 
of 10-100 mgfltg body weight. CompoalMon per n»L of suspenBion: 10^00 mgftnL of ptiospholipfds an 
0.1^ mg/mL of fSP-C (FFfl). This application te combined wtth one or several timed oral admlntetra- 
Bons of 25 or 100 mg SILOENARL (commercially available as VIAGRA®). 
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Pateirteiarim^ 

1. Combined use of a pulmonary surfactant and a PDK InMbitorfbr preventing or reducing the 
onset of symptoms of a disease, or treating or reducing the severity of a disease In a patient in need 
thereof, In which disease pulmonary sur^ctant malftincllon and/or phosphodiesterase 5 (PDE5) acUV^ 
Hy Is dafrlmental. 

2. Use of a combination of a pulmonary surfactant and a PDE5 Inhibitor for the preparation of a 
medicament for preventing or reducing the onset of symptoms of a disease, or treattng or reducing the 
severity of a disease in a patient in need thereof, in which disease pulmonary surf^nt malfunction 
andAor phosphodiesterase 5 (PDE5) acUvHy is detrimental. 

3. Method Ibr preventing or radudng the onset of symptoms of a disease in which pulmonary surfac- 
tant malfunction and/or phosphodiesterase s (PDE5) acbVHy Is detrimental, orlraating or reducing the 
seventy of a disease In which pulmonary surfactant maHimction and/or phosphodiesterase 5 (PDE5) 
activity is detrimental by administering to a patient in need thereof an effacHve amount of (1) a pulmo- 
nary surfactant and (1^ a POE5 Inhibitor. 

4. The method aceonSng to claim 3, wherein an effective amount of (1 > a pulmonary surfactant and 
(2) a PDfiS inhbHor Is admii^tered simuHaneously to a paOent in need ihraeof. 

5. The method according to claim 3. wherein an effective amountof(l) a pulmonary surfactant and 
(2) a PDE5 inhibitor are administered in succession, dose in time or renwte in time^ in any order 
whatever to a patient in need thereof. 

«. Method for preparing a ptamiaeeutieal composition vwhich is effective fcr preventing or redudng 
the onset of symptoms of a disease In which pulmonary surfactant mailijnctlon andtor phosphodi- 
esterase 5 (PDES) activity is detrimental, or treating or reducing the severity of a disuse bi which 
pulmonary surfactant malfuncUon and/or phosphodiesterase 5 (PDE5) acthrity is detrimental, which 
method comprises mixing an effective amount of a pulmonary surfactant and a PDE5 inhibitor with a 
pharmaceuficany acceptable carrier. 

7. Use or method according to any of dafms 1 to 6. wherein the pulmonary surl^nt is selected 
from the group consisting of PORACTAMT ALFA, BEIWCTANT. BOVACTANT. COLFOSCERIL 
PALMITATE. 6URFACTANT-TA, CALFACTANT, PUIkAACTANT. LU8UPULT1DE OR SINAPULTIDE ' 



8. Use or method according tp any of dalms l to 6, wherein the PDE5 Inhibitor is selected from 
4^ethyl-a-(4-pyridinyl)thfazole^-oaiba)eamldec 
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1^B-ch|oro-H3,44TielhylenBdioxybenzylamino)qMlnazQliFvi-^ 
(+)^s-SHnemyl-2W1rifluoremelhyl)benzyIl-3A5.6a.7.8.»HJC^ 

blpurln-4-onej 

5-p-fluore-1-(phenylmemylHH-indazol-^-2-iurai>-methanol; 
ds-2-hexyl-5-methyl-3.4.5.6a.7.8,9,9aK»ctehydrooyclopen1[4,9^^^ 
4K3-chlwo-4-methoxyben25rtamino).l-(4.hydroxypIperidi^^^ 
(BI^12aR)-2,3.6J,12.12*4iexahydro-2^nethyl-^3.4-methy1enedloxy^ 

pyrazlnoI2M':6,1lpyrido[3.4-b]indol©-1,4-dlone; 
2H2-alhoxy.«-(4^mylpIp6raziii-1-ylsulMyI)phenyl]^meth^^^ 

one: 

1^thyl-4-tt3-l3^thy!-4J-dihydro.7-oxo-2K2-pyrldinylmethyl)-2H-pyr^ 

propoxyphenyllsulfbnyll-plperazlne: 
2^2-me»hylpyrldl^-H^me^hylH<»w-8^2^lyrimWlnylmeft 
dlhydrtjp,71naphthyi«lne-3-oartioxync a<Sd m^yl ester; 
3KlMTielhyl-7-oxo-ai»ropy|.e.7^lhydrp-lH-pyrazolol4.3H«pyrft^^ 
yOethylH-propoxybenzenesulfonamide; 

1- {2-<rtilQcoben25i)-3Msobulyfyt-2HJropyllndPle-e"«arb03^ 
NK3,4-dlmethoxybenzylKH?*ydfo>ty^1(R)^nethyl8ll^ 
N5-p-emaxy-5K4-m6myl-1i»lperazlnylsulfDnyiyph6nyq-1-m8tr^^ 
pyrazolo[4,3-d]pynnnidin-7-one; 
3^thyl-8H244Khydroxymethyl)plper(dli»-1-yObeitt^ 

2- ^lone; 

2K4-amlnophenylV1<ixo-7-(2iiyridinylmetha«y)^3A5.trim8th<»^ 
carbcscylio gdd methyl ester; 

pentane-l-sulfbnlc add n43^3,4-dlcniom*en2yl)*<TielhyWH-*enzDJmldazol-S.yq-meth^ 
amide; 

1H|3-{7.8Klihydrc>-8K«>w-1H-lmidazo[4.5^JqulrTazolin-6^ 
melhylplperazine; 

1- cyclopentyl-6.(3^thoxvH^pyridinyI)-3^thyl-1jKfihydro-4H-pyrarolo[3AdJ^^ 

3- ethyI-5H5H4-ethylpiperaai>1-ylsulfonyl)-242-nietho«y-1(f^e»^^ 
dihydro-2H-pyrazolo[4,3-dJ-wrtmidln-7-ons; 

2- (1H4m1dazs»I-1-yl)-e-rnemow^2MnelhaBv^ 
(1Z)-hW)Bn2yI^HQ4uoio4-methyl-3K3A5-trImelhoxyberiz^^ 

3 e^hydro-5-(o-pnjpoxyphenyl)-7H-s-tiiazoloI4.S<ilpyrimWin-7-ona; and 

3.4-dihydn>«^4-{3.4<JimethoxybenzoylH-Piperarinyl^2(1HH,uinoJlno^^ or a pharmaceutlcallyae. 
oeptabte salt or a N-oxide thereof or a pharmaeeutically acceptable salt of the latter. 
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I 

9. Use or method scoordlng to any of dalms i to 8, whenefn the PDES Inhibitor Is seledetf ftom the 
group of SELECTB? PDE5 INHIBITORS. 

10. Use or method according to any of daims 1 to 6, wherein the PDES inhtbitor is seleeied from the 
group conslstino of SILDENARl, VARDENAFIL or TADALAFIL 

11. Pharmaceutical composition suHed for the use according to claims 1 and 2, comprising as a 
fixed ccwnbination . . 

(a) an effective amount of a pulmonary surfactont and 

(b) an effective amount of a PDES inhibitor, and optionally 

(c) a pharmaceutically acceptable carrier. 

iz: Pharmaceutical composiiitan according to dalm 11. which Is a fixed pharmaceutical composition 
for intratracheally or Intrabronchially instillation. 

13. Pharmaceutical composition suited for the use according to claims 1 and 2. oomprlsing as a 
combination 

(a) an enWwUve amount of a pulmonary surfactant and optionally a'pharmaoeuticany ao- 
c^itable carrier and 

(b) an effeoHvB amount of a PDES inhlbOor and opBonaDy a phamiaceutlcaify acceptable 
carrier, 

14. Pharmaceutical composffionaceorting to any of claims 11 to13. wherein the pulmonary aurfao: 
tam Is selected from the group consisting of PORACTANT ALFA, BERACTA^^•, BOVACTANT, 
OOLFOSCERIL PALMITATE. SURFACTANT-TA CALFACTANT. PUMACTANT. LUSUPULTIDE OR 
SIMAPULTIDE. 



IS. Pharmaceutical composition acdsrdlng to any of claims 11 to 13. wherein the PDES inhibitor Is 
selected from 

4HVlethyl-5-(4^>yrldinyl)thIazole-2-carboxamide; 

2,2'.2^2"-[(4,8-dlplperidlnopyrimldo[5.4-dlpyrimIdine-2.6<IIyl).dlnitriloH6^ 

2H2-l»ropwcyphenyt)purin-6(1H)K>ne2-<2-i»ropoxyphenylH.7Klihydra^H-purin-e^3n 

14B-chlo^o-4-(3,4^ethyIenedioo^ybe^zy|amlno)quina2Blin■^-yl^plper|dln©-4^ 

(+Ms.5KnethyI-2WtriBuoromethyl)ben2yll-3,4.5.ea.7.8,g.octahydrocyrt 
b]purIn-4-one; 

S^6-fluoro-1-(phenylmethyl)-1H-lndazo|-3-y|J.2^n-methanol; 

cis^-hexyIi5-methyf'«,4,5.ea.7,8.9^aK»ctahydroiqrelopentf4.qirnidazD-^ 

4-(3-chloio4-methaxybenzyiamlnoH.(44iydrojvpiperIdln-1-yl>iJhthal^^ 
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(6P.12aR)^3,ejJ2,12a+exahydro-2-mBthyt-N3.4^n 
pyrazInopM'.*6,1]pyridop,44»llndole-1 .A^llone: 
2-p-elhoxyu5^4-ethylpipefazln-l-yisulfbnyl)phanyl>5-^ 



one; 



1-ethyl-HI^l3-ethyl^,7<Jlhydre.7-oxo-2^2-pyridinylmethyl)-2H-pyr^ 
propoxyphenyQsulfonylJ-ptperadne; 

2K2-inethylpyiidir>4-ylm8thyIH-o»'M2-pyn'n>'*nylmethoxy)-4-(3A5-« 

dlhydrop,71naphttiyridIne-3-cafboxyllc add methyl ester: 
3-(1-methyl-7-oxo-3-propyl-BJ-dihydro-lH-pyrazolol4,3-dlpyrimIdln-5-yl)-^ 

yl)ethyl]-4-prQpaxy|ienzenesu1fonam1de; 

1- {2-chlorobenzyl)-3-JsobutyryI-2-propyl!ndole-6-carboxamlde; 
rH3,4-dlmemoxyberKyJ)-Z-l2-hydro3«a^1(R)-memyIethylaminol-5-^ 
N542-emoxy.5-(4-methyl-1-pIperazlnylsulfbnyl)phenya-1-methyl-3Hi-propyl-1.6^^^^ 

pyrazolo[4,3-d]pyrimidin-7-one; 

3-ethyl-8^2<4Khydwxym0myOP«peridln-l-yqbenzylamin^^ 

2^htenB; . . „ „ 

2- (44nilnophBnyl)-1-axi^.7-(2-pyrtdlnyln«thiwyW3A5^BthW 

caiboxylic add methyl ester; 

pertane-l-suHbrtc add [i-{3-{3.4^i4Uan,4«nzyl)^-methyl-3H-b8n^ 
amide; 

1-n3<7.8-dlhydR>*«xo.l H-lmWarol4.5^qulnazDlln*ylH-propwwheTOl^ 
methylplpersidne: 

1-cydapentyl-BK3^oxy-4-pyridinyl)-3-eihyl-1.7HJihydro-4H-pyrazolo[3.4-d]p^ 

3^yl-5.I5-(4^y^pip6ra^lM-ylsuMtany1)^^?.memoxy-1(R)-metby^ 

dlhydro^H-pyrazolo[4,3-dh>yrtnW»n-7-one; 
2r(1H^mldazol-1-yl)-e-inethOKy-4-(2-mathaKyelhylamltu>)-qulnazd^^^ 

(1Z)-l>l-benzyl-2^6-fluori»^-methy»*(3,4>trlmBthoK^^ 
3,e-dihydro^-(o-pfopoxyphe5yl>7H-s4riaOTlo[4,5-d]pyrimidin-7-one;and 

3,4^lhydn>-6^4-(3.4^imeUiPxybenzDyi)-1-plperazinyll-2(1H)-quinoUnone. or a pharmaceutically acs 
ceptable salt or a N-oxide thereof or a pharmaceutically acceptable salt of the latter. 

16. Pharmaceutical composition according to any of dalms 11 to 13. wherein the PDE5 mWbllDr is 
selected from the group of SELECTED PDE5 INHIBITORS. 

17. PhamiaceuUcal composition according to any of dalms 1 1 to 13. wherein the PDES Inhibitor Is 
selected ftam the group consisting of SILDEI^IU VARDENAFIL or TADALAFIL 
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Abstiae^ 

The invention relates to the combined administration of a pulmonary surfactant and a PDE6 Inhibitor 
for the treatment of a disease In which pulmonary surfactant malfUnetton and/or phosphodiesterase 5 
(PDES) activity is detHmental. 
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